rostate cancer is an androgendependent disease, and continuous androgen deprivation has been the standard therapy for metastatic hormone-sensitive disease. Despite a high response rate, resistance to androgen-deprivation therapy occurs in most patients, resulting in a median survival of 2.5 to 3 years. 1, 2 There is evidence suggesting that progression to castration resistance is adaptive in part, and pathways involving the androgen receptor, as well as cell-survival pathways independent of the androgen receptor, have been implicated. 3, 4 Data from an androgen-dependent tumor model have suggested that androgen withdrawal alters the ratio of putative stem cells in the tumor-cell population. 5 Initially, differentiated cells are eliminated, and the proportion of tumorigenic stem cells is reduced. When the disease progresses, the proportion of stem cells is increased by a factor of 20, and the proportion of androgen-independent stem cells by a factor of 500. These data suggest that if androgens were replaced before progression of the disease, the surviving stem cells might give rise to an androgen-dependent tumor that would be susceptible to further hormonal manipulation. In an "androgen-sensitive" in vivo rat model, intermittent androgen deprivation was inferior to castration in preventing tumor growth. 6 However, in an "androgen-dependent" model, intermittent androgen deprivation resulted in reinduction of apoptosis, almost tripling the mean time to castration resistance. 7 Early clinical trials indicated the feasibility of intermittent androgen deprivation. [8] [9] [10] The potential for improving disease control and quality of life with intermittent androgen deprivation provided the rationale for this study.
Me thods

Study Oversight
The primary objectives of the trial were to determine whether intermittent androgen deprivation is noninferior to continuous androgen deprivation with respect to survival in patients with metastatic hormone-sensitive prostate cancer and to assess quality of life with the two regimens at 3 months after randomization. The study was designed in 1993 by the first author and by the leaders of the genitourinary cancer and quality-of-life committees of the Southwest Oncology Group (SWOG). Approval by the institutional review board at each participating institution was required on an annual basis during the course of the trial. Investigators at the SWOG Statistical Center collected the data. The second author vouches for the integrity of the data and statistical analysis. The first three authors attest that the study was conducted and monitored as specified by the protocol. The first author wrote the first draft of the manuscript, with subsequent contributions by all coauthors. A copy of the protocol with the statistical analysis plan is available with the full text of this article at NEJM.org. AstraZeneca donated the goserelin and bicalutamide for the U.S. cooperative groups and the European Organization for Research and Treatment of Cancer (EORTC) but had no role in the design of the protocol, the collection or analysis of the data, or the preparation of the manuscript.
Patients
Patients were enrolled by the SWOG, the Eastern Cooperative Oncology Group (ECOG), the Cancer and Leukemia Group B (CALGB), the National Cancer Institute of Canada-Clinical Trials Group (NCIC-CTG), and the EORTC. Patients were eligible for participation in the study if they had a pathological diagnosis of prostate cancer; radiologic evidence of metastasis; a performance status of 0, 1, or 2 (with 0 indicating that the patient is fully active and able to carry on all predisease activities without restriction, 1 indicating that the patient is ambulatory but restricted to light work, and 2 indicating that the patient is ambulatory and capable of all self-care and is up and about more than 50% of waking hours but is unable to carry out any work activities) 11 ; and a prostatespecific antigen (PSA) level before treatment of 5 ng per milliliter or higher. Patients who had received prior neoadjuvant or adjuvant androgen-deprivation therapy were eligible if they had received the therapy for 4 months or less. Patients who had received prior finasteride therapy for prostate cancer were eligible if they had received the drug for 9 months or less. Up to 6 months of prior finasteride therapy for benign prostatic hyperplasia was allowed. Neoadjuvant or adjuvant androgendeprivation therapy or finasteride must have been discontinued more than a year before enrollment in the trial.
Patients who began receiving luteinizing hormone-releasing hormone agonist (LHRHa) therapy with or without an antiandrogen agent a maximum of 6 months before enrollment and who met all the eligibility criteria before the Patients underwent a 7-month induction course during which they received an LHRHa and an antiandrogen agent: goserelin and bicalutamide in the case of patients enrolled by the U.S. cooperative groups and the EORTC or similar agents at equivalent doses in patients from the NCIC-CTG or in those who started therapy before enrollment. The PSA level was measured at months 1, 4, 6, and 7 of the induction period. Patients with stable or declining PSA levels of 4.0 ng per milliliter or lower at months 6 and 7 were eligible for randomization; this criterion was chosen to select patients with androgen-dependent disease.
Before randomization, patients were stratified according to performance status (0 or 1 vs. 2), prior hormone therapy (neoadjuvant or adjuvant androgen-deprivation therapy or finasteride therapy vs. no therapy), and extent of the disease (minimal vs. extensive). As previously defined in the SWOG trials, 1,2 minimal disease was disease confined to the spine, pelvic bones, or lymph nodes, and extensive disease was disease present in the ribs, long bones, or visceral organs. Patients in whom the PSA level was higher than 4 ng per milliliter after induction therapy were not eligible for randomization but were followed for survival.
Patients who were randomly assigned to the continuous-therapy group continued to receive androgen-deprivation therapy; those randomly assigned to the intermittent-therapy group discontinued androgen-deprivation therapy. Patients in both groups underwent a clinical assessment every 3 months, and PSA levels were measured monthly. Androgen-deprivation therapy was resumed in the intermittent group when the PSA level rose to 20 ng per milliliter (or returned to baseline in the case of patients who had PSA levels of <20 ng per milliliter before enrollment). At the discretion of the investigator, treatment could be reinitiated when the PSA level reached 10 ng per milliliter or when symptoms developed. If, after another 7 months of androgen-deprivation therapy, the PSA level was 4.0 ng per milliliter or lower, another off-treatment period was initiated. If the PSA level at month 6 or 7 of an on-treatment period exceeded 4 ng per milliliter, patients continued androgen-deprivation therapy. During any off-treatment period, a rising PSA level on or before the third month required reinitiation of continuous androgen-deprivation therapy, which was continued until disease progression.
A treatment delay of more than 2 months required withdrawal of the patient from protocol treatment. All patients were treated according to the study regimen until objective disease progression and were followed for a maximum of 10 years.
Quality-of-Life Assessments
The quality-of-life questionnaire that was developed for SWOG trials 12-15 was administered at the time of randomization and at months 3, 9, and 15 after randomization. It included five prespecified outcomes: impotence or erectile dysfunction, libido, vitality, mental health, and physical functioning. The impotence or erectile-dysfunction outcome was assessed as the percentage of patients who reported that they had impotence or erectile dysfunction (a score of 1) or no impotence or erectile dysfunction (a score of 0); the libido outcome was assessed as the percentage of patients who reported that their interest in sexual activities was very high, high, or moderate (a score of 1) or low or very low (a score of 0). The questionnaire instructions directed patients to answer the question regarding libido only if they had had sexual activity within the previous month. However, because many men ignored this instruction while completing the questionnaire, we used all available responses for this analysis. Vitality, mental health, and physical functioning were scored on a scale of 0 to 100, with higher scores indicating better functioning. 16 
Statistical Analysis
On the basis of data from a previous SWOG trial, it was assumed that the median survival in the group receiving continuous androgen-deprivation therapy would be 35 months. 1 A median survival in the intermittent-therapy group that was at least 7 months shorter than that in the continuoustherapy group was considered to be clinically unacceptable; hence the study was designed for a one-sided test of the null hypothesis that the hazard ratio for death with intermittent therapy would be 1.20. A hazard ratio of 1.00 was used as the specific alternative in calculations of the trial size. Type I and II error rates were 0.05 and 0.10, respectively. Survival was measured from the date of randomization to the date of death from any cause or to the last known contact date, at which time the data for that patient were censored. We used a dynamic balancing algorithm that included stratification information to assign patients to continuous or intermittent androgendeprivation therapy. 17 A total of 1512 eligible patients were to undergo randomization. The enrollment period was projected to be 6.3 years. The final analysis was to be conducted 2 years after randomization was completed. A proportional-hazards regression model with stratification factors as covariates was specified in an intention-to-treat analysis. The primary test of noninferiority is reported as one-sided, and all other reported P values are two-sided tests. We evaluated the proportional-hazards assumption by checking the cumulative sums of Martingalebased residuals. 18 Treatment interactions according to subgroups were evaluated with the use of the score chi-square in the proportional-hazards model, which tests the potential contribution of variables not included in the model. SAS software, version 9.2, was used for all analyses.
Our decision to include quality of life as a coprimary end point was based on the importance of improvements in quality of life even if they occur in the context of similar efficacy. The primary objective was to compare the two groups with respect to the effects of androgen-deprivation therapy on impotence, libido, and vitality and on physical functioning and mental health from randomization to 3 months. A P value of 0.01 was used for testing each of the five primary qualityof-life outcomes to control the overall type I error rate at 0.05. Between-group comparisons at months 9 and 15 were exploratory and used a P value of 0.005 (0.05/10 for five quality-of-life outcomes examined at two additional time points). We performed a pattern-mixture model analysis to evaluate the effect of missing data. 19 
R e sult s
Patients
From May 1995 through September 2008, a total of 3040 patients were enrolled, of whom 90 were subsequently shown to be ineligible. Of the patients who completed induction therapy, 1749 were randomly assigned to a group, and 1535 were included in the primary analysis (Fig. S1 in the Supplementary Appendix, available at NEJM.org). Randomization was completed in June 2009.
The characteristics of the patients who underwent randomization were well balanced between the treatment groups ( Table 1 ). The median duration of protocol therapy after randomization was 19 months (interquartile range, 10 to 38) in the intermittent-therapy group and 17 months (interquartile range, 8 to 33) in the continuoustherapy group. Among patients receiving intermittent therapy, the median percentage of time receiving therapy was 47% (interquartile range, 23 to 69). There were no significant betweengroup differences in the number of grade 3 or grade 4 treatment-related adverse events (30.4% in the intermittent-therapy group and 32.7% in the continuous-therapy group, P = 0.53), including cardiovascular events, and no treatment-related grade 5 events were reported (Table S1 in the Supplementary Appendix).
Survival
The median survival of all enrolled patients after initiation of androgen-deprivation therapy was 3.7 years (interquartile range, 1.8 to 7.9). The median survival of patients who did not undergo randomization was 1.7 years (interquartile range, 1.0 to 3.2).
Of 928 deaths that occurred among patients who were randomly assigned to a study group, 445 occurred in the continuous-therapy group and 483 in the intermittent-therapy group. The median survival after randomization was 5.8 years in the continuous-therapy group as compared with 5.1 years in the intermittent-therapy group (5.7 years vs. 6.4 years after initial enrollment) (Fig. 1) , representing a 10% relative increase in the risk of death with intermittent therapy (hazard ratio for death with intermittent therapy, adjusted for stratification factors, 1.10; 90% confidence interval [CI] , 0.99 to 1.23). The hypothesis that the hazard ratio for death would be less than 1.20 was not rejected because the upper limit of the 90% confidence interval (equivalent to a one-sided 0.05 test) was 1.23, extending beyond the noninferiority threshold of 1.20. We therefore are unable to conclude that intermittent therapy was noninferior to continuous therapy with respect to survival. However, because the lower limit of the confidence interval (0.99) does not exclude 1.00, we cannot state that intermittent therapy was significantly inferior to continuous therapy. The results of the secondary analysis, a two-sided test of the noninferiority hypothesis (similar to assessment of the 95% confidence interval) led to a similar conclusion (95% CI, 0.97 to 1.25). The proportional-hazards assumption was not violated for this model (P = 0.25).
A post hoc analysis showed that the overall treatment effect was generally consistent across the subgroups of patients. The hazard-ratio estimate slightly favored continuous therapy and the 95% confidence interval included 1.20, the noninferiority margin (Fig. 2) . The P values for the interaction of treatment with various subgroup characteristics are shown in Figure 2 . The median survival according to subgroups is provided in Table S2 in the Supplementary Appendix. Figure 3 shows the overall survival in the two treatment groups according to the extent of disease. The median survival after randomization among patients with extensive disease was 4.9 years in the intermittent-therapy group, as compared with 4.4 years in the continuous-therapy group (hazard ratio for death with intermittent therapy, 1.02; 95% CI, 0.85 to 1.22). The median survival after randomization among patients with minimal disease was 5.4 years in the intermittenttherapy group, as compared with 6.9 years in the There was no significant difference in survival between patients who were alive before 2004 (i.e., before the approval of docetaxel) and those who were alive in 2004 or later (after approval of docetaxel in May 2004) (P = 0.54). Among men for whom we could identify the cause of death, 73% of deaths in the continuous-therapy group and 80% of deaths in the intermittent-therapy group were related to prostate cancer.
Quality of Life
At the time of randomization, data on quality of life were available from 1162 patients: 568 in the continuous-therapy group and 594 in the intermittent-therapy group (Fig. S2 in the Supplementary Appendix). For the primary comparison 3 months after randomization, the scores for the Missing data 31 32 * There were no significant differences between the groups in any of the characteristics listed here. PSA denotes prostatespecific antigen. † Race was self-reported. ‡ A performance status of 0 indicates that the patient is fully active and able to carry on all predisease activities without restriction, and a performance status of 1 indicates that the patient is ambulatory but restricted to light work. § Extensive disease was considered to be disease present in the ribs, long bones, or visceral organs, and minimal disease as disease confined to the spine, pelvic bones, or lymph nodes (definitions used in the SWOG trials). ¶ All patients who were enrolled in the study received the dose-equivalent of 7 months of continuous androgen-deprivation therapy before randomization. Patients included in this category were already receiving this therapy before enrollment in the study. ‖ The Gleason score is used to estimate the prognosis of patients with prostate cancer. The score ranges from 2 to 10, with higher scores indicating a worse prognosis. change from baseline in quality of life indicated that as compared with patients in the continuoustherapy group, those in the intermittent-therapy group were significantly less likely to report impotence (P<0.001) and had significantly better mental health (P = 0.003); the scores for libido also favored intermittent therapy (P = 0.04) but not at the prespecified significance level (Table 2 ). At 9 months after randomization, the scores for four of the five quality-of-life outcomes favored intermittent therapy over continuous therapy, but at 15 months, only physical functioning scored higher in the intermittent-therapy group; none of these differences were significant at the prespecified level. The pattern-mixture models generated estimates similar to those reported in Table 2 , suggesting that our results were not biased by missing data (data not shown). However, confidence intervals in both the analysis of change from baseline in Table 2 and the pattern-mixture models were wide. This variability could possibly reflect the difference in quality of life between men in the intermittent-therapy group who remained off androgen-deprivation therapy and those who resumed therapy. At 15 months, 78% of the men in the intermittent-therapy group had resumed hormone therapy (data not shown).
Discussion
Progression to castration resistance is the major cause of death in patients with metastatic hormonesensitive prostate cancer who are receiving androgen-deprivation therapy. Biologic, preclinical, and Minimal disease was considered to be disease confined to the spine, pelvic bones, or lymph nodes, and extensive disease as disease present in the ribs, long bones, or visceral organs (the definitions used in the trials of the Southwest Oncology Group). A performance status of 0 indicates that the patient is fully active and able to carry on all predisease activities without restriction; 1, that the patient is ambulatory but restricted to light work; and 2, that the patient is ambulatory and capable of all self-care and is up and about more than 50% of waking hours but is unable to carry out any work activities. Race was self-reported. PSA denotes prostate-specific antigen.
The early clinical data fueled interest in evaluating intermittent androgen-deprivation therapy with the objective of improving disease outcomes and quality of life. We tested the hypothesis that intermittent therapy would not be inferior to continuous therapy with respect to survival among patients with metastatic hormone-sensitive prostate cancer and that quality of life would be better with intermittent therapy. Our results failed to show that intermittent therapy was noninferior to continuous therapy with respect to survival: the median survival after randomization was 5.1 years in the intermittent-therapy group, as compared with 5.8 years in the continuous-therapy group (5.7 years vs. 6.4 years after initial enrollment). Although the overall difference in survival represented a 10% relative increase in the risk of death with intermittent therapy, a 20% increase in the risk of death could not be ruled out with 90% confidence, because the upper boundary of the confidence interval included 1.20. In addition, the lower boundary of the confidence interval (0.99) failed to exclude 1.00. According to Piaggio et al., 20 when a confidence interval includes both the noninferiority margin (1.20 in the case of this study) and 1.00, the trial results are inconclusive. However, given that nearly the entire confidence interval tends to favor continuous therapy, the result suggests that intermittent therapy may compromise survival. The lack of a significant difference between the groups does not imply similar survival.
The numbers of grade 3 or 4 adverse events were remarkably similar in the two groups, and these events were relatively infrequent (30.4% in the intermittent-therapy group and 32.7% in the continuous-therapy group). The results with respect to quality of life indicated significantly better erectile function and mental health with intermittent therapy than with continuous therapy at 3 months after randomization. However, because patients were aware of the treatment they were receiving, we cannot differentiate the emotional response of a patient receiving a treatment break from the effects of androgen recovery itself. Given the results of the pattern-mixture models, we are reasonably certain that our results were not biased by missing data.
Testosterone levels were not measured in this study, since these levels were not factored into decisions regarding therapy and because centralized testing in an international trial was deemed to be too costly. Thus, it cannot be determined whether intervening on the basis of testosterone levels would have changed the results.
Three points are worth highlighting. First, the trial was designed to prove that intermittent therapy was not inferior to continuous therapy with respect to survival. The alternative hypothesis was that survival with intermittent therapy was similar or longer; however, we failed to re- ject the null hypothesis. It is conceivable that the PSA trigger level for resumption of androgendeprivation therapy affected the hazard ratio for death. Presumably, the lower the PSA threshold for retreatment, the more similar the two groups should be in terms of survival; however, studytailored PSA triggers were based on baseline PSA levels, and therapy could be resumed at the discretion of the patient's physician. Other trials of intermittent androgen-deprivation therapy have used other nonvalidated PSA levels to trigger resumption of therapy. 8, [21] [22] [23] [24] [25] Regardless of the PSA trigger value, we are aware of no trial to date that has shown improved survival with intermittent therapy.
Second, it took 4 to 5 years after randomization for the survival curves to separate. This shows the importance of adequate long-term follow up, and even longer follow-up is probably required for patients with earlier-stage disease. Third, we chose 1.20 as the upper limit of the hazard ratio for noninferiority because, on the basis of a median survival estimate with continuous therapy of 35 months, this hazard ratio would yield a 7-month difference in median survival. At the time the study was designed, a difference in survival of 6 months or less as a worst-case scenario was deemed to be acceptable if it was balanced by better quality of life. However, the actual median survival in both groups was longer than projected. A hazard ratio with an upper limit of 1.20 for the 95% confidence interval and a median survival of 5.8 years in the continuous-therapy group translates into an absolute difference in survival of 1 year. Had we designed this study using contemporary survival rates, a 1-year difference in survival would not be clinically acceptable as a threshold for noninferiority. Furthermore, if we had kept the same design except for choosing a hazard-ratio threshold of 1.15, we would have had to increase the sample by 1000 patients. The overall hazard ratio for treatment effect was relatively consistent across various patient subgroups. However, caution should be taken not to overinterpret the results of the subgroup analyses.
A survival-based noninferiority trial is a formidable undertaking, requiring a large sample, many disease-specific events, and long followup. This study was possible because of the intergroup collaboration, which resulted in a large sample with an adequate number of diseasespecific events to power the trial. Other phase 3 trials testing intermittent therapy included mixed populations (patients with locally advanced disease and those with metastatic disease) or were not adequately powered to assess survival. 21,23-25 By contrast, our study included only patients with metastatic disease who were preselected for androgen-dependent disease, and the study was adequately powered for an assessment of survival.
Another recent trial designed to test noninferiority, commonly known as the NCIC-CTG PR.7 trial, concluded that intermittent therapy was not inferior to continuous therapy with respect to survival (median survival, 8.8 years and 9.1 years, respectively) in patients with nonmetastatic prostate cancer and elevation of PSA levels after radiotherapy, 22 a finding that contrasts with the results of our study. A plausible explanation for this apparently contradictory result is that, as compared with our study, that study targeted a population with a lower disease burden and hence a lower risk of cancer-related death. In such a population, a longer median follow-up than the reported 6.9 years may be required to observe deaths from cancer counterbalancing the deaths from other causes that are usually observed earlier in a population of older men. Only 41% of the deaths in the NCIC-CTG PR.7 trial were related to prostate cancer, with a trend toward fewer prostate cancer-related deaths in the continuous-therapy group than in the intermittent-therapy group (94 vs. 120). It is notable that the prespecified noninferiority margin in the NCIC-CTG PR.7 trial (a hazard ratio for death of 1.25) implies that a 1.8-year reduction in median survival with intermittent therapy as compared with continuous therapy would result in a finding of noninferiority for intermittent therapy.
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